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Description
1. Field of the Invention

[0001] Thisinvention relates generally to semiconduc-
tor manufacturing and more particularly to real time me-
trology for process and wafer state monitoring in semi-
conductor manufacturing operations.

2. Description of the Related Art

[0002] During semiconductor fabrication, there exists
multiple steps where an underlying substrate is subjected
to the formation, modification and removal of various lay-
ers, blanket or patterned. The small feature sizes, tight
surface planarity requirement, combined with the con-
stant quest to increase throughput, makes it highly de-
sirable to stop or change the process parameters when
the targeted properties (thickness, resistance, planarity,
transparency, chemical composition etc.) of the proc-
essed film has been achieved, i.e., when an endpoint
has been obtained for the current process step. Of
course, some semiconductor fabrication steps transition
to asubsequentfabrication step after the current process
step has accomplished the task of obtaining the defined
wafer characteristics. US 5,621,668 discloses a semi-
conductor processing system capable of detectingatran-
sition point for slope change transitions through a thresh-
old determination in real time, comprising a processing
module configured to process a semiconductor wafer un-
til a defined parameter associated with the semiconduc-
tor wafer being processed is obtained, the processing
module including, and a sensor configured to monitor a
process parameter associated with a process operation.
[0003] Real time metrology for the control of wafer
characteristics is now a necessity so that an endpoint or
transition point for a particular processing operation may
be determined. The real time in-situ monitoring of param-
eters associated with a semiconductor operation pro-
vides valuable information as to an endpoint or a transi-
tion point of a processing operation. Typically the prop-
erties of an object, either the wafer itself or another object,
which is strongly linked to the wafer in the process, un-
dergo monotonic change prior to and after the transition,
experiencing an abrupt property variation during the tran-
sition itself. This leads to a step-like property for moni-
toring signal variation in cases when the monitored sys-
tem is small enough and when the transition occurs si-
multaneously for the watch point of the inspection space.
Forlarger systems, such as semiconductor wafers, there
is a time distribution, which transfers a step-like transition
point into a slope change, associated with data points
corresponding to the process parameter changes, there-
by creating an indicator of the endpoint or transition point.
However, slope change detection requires usage of de-
rivatives, which are associated with reduced signal-to-
noise ratio complicating this approach.

[0004] Figure 1is a graph of a thickness of a semicon-
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ductor wafer being monitored over time during a process-
ing operation, such as a planarization processing oper-
ation. Line 100 represents values associated with an in-
frared (IR) based sensor for determining an endpoint/
transition point during a processing operation. Lines 102
represent values associated with a plurality of eddy cur-
rent sensors (ECS) for capturing thickness of a semicon-
ductor wafer over time during the processing. As can be
seen, region 104 represents the time where the endpoint/
transition point occurs. In region 104, the general slope
associated with lines 102 and line 100 transition. How-
ever, the signal being monitored for either the IR moni-
toring or eddy current monitoring is superimposed with
significant and variable background noise that changes
from run two run. Accordingly, when measuring the de-
rivative based slope to determine the endpoint, the signal
to noise level affects the stability and reliability of the
endpoint determination. Thus, in-line determination of a
transition point predicated upon a slope based analysis
does not provide the robust data necessary for semicon-
ductor operations.

[0005] Asaresult,thereis aneedtosolve the problems
of the prior art to provide a method and apparatus for
providing stable and reliable transition point determina-
tion for processes where the transition point occurs
through a slope based transition of a monitored process
parameter.

SUMMARY OF THE INVENTION

[0006] Broadly speaking, the present invention fills
these needs by providing method for detecting a transi-
tion point of a semiconductor process, comprising:

» definingan approximation equation for a set of points
corresponding to values of said semiconductor proc-
ess being monitored, wherein the approximation
equation is determined in order to fit to the curve
represented by measured values, wherein the ap-
proximation equation is a polynomial equation,
wherein the approximation equation takes the form
of a parabolic equation or any other higher power
equation;

e predicting an expected value at a current point of the
process being monitored, whereby the expected val-
ue is calculated from the approximation equation;

* calculating a difference between a measured value
at the current point of the process being monitored
and the corresponding expected value;

*  monitoring the difference to detect a deviation value
between the measured value and the expected val-
ue; and

* identifying said transition point for the semiconductor
process being monitored based on the detection of
the deviation value.

It should be appreciated that the present invention can
be implemented in numerous ways, including as a meth-
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od, a system, computer readable media or a device. Sev-
eral inventive embodiments of the present invention are
described below.

[0007] In one embodiment, a method for converting a
slope based detection task to a threshold based detection
task is provided. The method initiates with defining an
approximation equation for a set of points corresponding
to values of a process being monitored. Then, an expect-
ed value at a current point of the process being monitored
is predicted. Next, a difference between a measured val-
ue at the current point of the process being monitored
and the corresponding expected value is calculated.
Then, the difference is monitored for successive points
to detect a deviation value between the measured value
and the expected value. Next, a transition point for the
process being monitored is identified based on the de-
tection of the deviation value.

[0008] Inanother embodiment, a method for detecting
a transition point of a slope based change through a
threshold detectionis provided. The method initiates with
monitoring a parameter associated with a transition point.
Then, a predicted value of the parameter is calculated
from past values of the monitored process parameter.
The predicted value corresponds to a current value of
the process parameter being monitored. Next, a thresh-
old value is defined. Then, a difference between the cur-
rent value and the predicted value is tracked. Next, when
the difference exceeds the threshold value a transition
point is identified.

[0009] In yet another embodiment, a semiconductor
processing system capable of detecting a transition point
for slope change transitions through a threshold deter-
mination in real time is provided. The system includes a
processing module configured to process a semiconduc-
tor wafer until a defined parameter associated with the
semiconductor wafer being processed is obtained. The
processing system includes a sensor configured to mon-
itor a process parameter associated with a process op-
eration. The system includes a detector in communica-
tion with the sensor. The detector is configured to com-
pare measured values to predicted values, where the
measured values indicate a transition point through a
slope change. The predicted values are derived from pre-
viously measured values. The detector is further config-
ured to track a difference between the measured values
and the corresponding predicted values to enhance a
change at the transition point to enable a threshold de-
viation value to be defined. The threshold deviation value
indicates the transition point associated with the process
operation.

[0010] In still yet another embodiment, a computer
readable media having program instructions for convert-
ing a slope based detection task to a threshold based
detection task is provided. The computer readable media
includes program instructions for defining an approxima-
tion equation for a set of points corresponding to values
of a process being monitored and program instructions
for predicting an expected value at a current point of the
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process being monitored. Program instructions for cal-
culating a difference between a measured value at the
current point of the process being monitored and the cor-
responding expected value are provided. Program in-
structions for monitoring the difference to detect a devi-
ation value between the measured value and the expect-
ed value and program instructions for identifying a tran-
sition point for the process being monitored based on the
detection of the deviation value are included.

[0011] Other aspects and advantages of the invention
will become apparent from the following detailed descrip-
tion, taken in conjunction with the accompanying draw-
ings, illustrating by way of example the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The presentinvention will be readily understood
by the following detailed description in conjunction with
the accompanying drawings, and like reference numer-
als designate like structural elements.

[0013] Figure 1is a graph of a thickness of a semicon-
ductor wafer being monitored over time during a process-
ing operation, such as a planarization processing oper-
ation.

[0014] Figure 2 is a graph of an infrared (IR) based
trace where the noise level in the transition region is
smoothed to show a transition point in accordance with
one embodiment of the invention.

[0015] Figure 3is an exemplary graph of a signal trace
over time where the period of time includes a transition
point.

[0016] Figure 4 is an exemplary graph of the signal of

Figure 3 which has been smoothed to eliminate noise.
[0017] Figure 5 is an exemplary graph of a predicted
signal generated from the points of the actual signal of
Figure 3 in accordance with one embodiment of the in-
vention.

[0018] Figure 6 is an exemplary graph of a deviation
signal generated by calculating the difference between
an actual signal and a corresponding predicted signal at
various time points in accordance with one embodiment
of the invention.

[0019] Figure 7 is an exemplary graph including the
graphs of Figures 4, 5 and 6 superimposed over each
other to illustrate a threshold determination for the tran-
sition point in accordance with one embodiment of the
invention.

[0020] Figure 8A is an exemplary graph illustrating a
trace of an actual signal and a predicted signal in accord-
ance with one embodiment of the invention.

[0021] Figure 8B is a graph of the original signal value
and a corresponding graph of a deviation between the
actual signal and a predicted signal in accordance with
one embodiment of the invention.

[0022] Figure 8C is a graph illustrating the actual trace
and the delta trace of Figures 8A and 8B superimposed
with the predicted value trace, all of which are used for
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the conversion of a slope based task to a threshold based
task in accordance with one embodiment of the invention.
[0023] Figure9is aflowchart of the method operations
for a method for converting a slope based detection task
to a threshold based detection task in accordance with
one embodiment of the invention.

[0024] Figure 10 is a high-level schematic diagram of
a processing module in communication with a detector
configured to convert a slope detection transition point
to a threshold detection transition point in accordance
with one embodiment of the invention.

[0025] Figure 11 is a simplified schematic diagram of
a CMP system having an infrared sensor to determine a
transition point of a semiconductor substrate being proc-
essed in accordance with one embodiment of the inven-
tion.

[0026] Figure 12 is a simplified schematic diagram of
a processing system having eddy current sensors con-
figured to determine a transition point of a semiconductor
substrate being processed in accordance with one em-
bodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0027] An invention is described for a system, device
and method that provides a reliable and stable measure
of a transition point during a semiconductor processing
operation. It will be obvious, however, to one skilled in
the art, that the present invention may be practiced with-
out some or all of these specific details. In other instanc-
es, well known process operations have not been de-
scribed in detail in order not to unnecessarily obscure
the present invention. Figure 1 is described in the "Back-
ground of the Invention" section.

[0028] The embodiments of the present invention pro-
vide a system and method for converting a slope detec-
tion task to a threshold detection task, as well as ampli-
fying the transition features that are indicative of a tran-
sition. Threshold behavior, produces a step-like feature
on the background of a zero or a constant signal and
provides simpler detection algorithms, higher signal-to-
noise ratios and more robust detectability. Threshold
based determination for transition points/endpoints pro-
vides increased stability and reliability as compared to
slope based determinations. In turn, more stable and re-
liable triggering conditions are provided with respect to
a semiconductor operation. That is, since the transition
point/endpoint is determined with a high degree of con-
fidence, the downstream operations requiring substan-
tially precise measurements may be initiated through in-
line metrology. As a result, semiconductor throughput for
the associated operations may be concomitantly in-
creased. The complications resulting from small changes
in slopes of the process tracing signal with respect to
derivative analysis are eliminated by the conversion to a
threshold type of tracing signal. It should be appreciated
that the terms endpoint and transition point, as used here-
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in, are interchangeable. It will be apparent to one skilled
in the art that the terms endpoint and transition point may
refer to any point in a semiconductor process, or any
other process, where a targeted change is occurring, a
targeted state is achieved, or where the attainment of a
certain value associated with a monitored parameter is
used to trigger an event, such as an endpoint or initiation
of another process operation.

[0029] Figure 2 is a graph of an infrared (IR) based
trace where the noise level in the transition region is
smoothed to show a transition point in accordance with
one embodiment of the invention. Here, in region 106,
the noise level is substantially eliminated to show trace
108 as a smoothed line. As can be seen, the slope as-
sociated with smoothed trace 108 transitions in region
106. However, the noise associated with the operation
being monitored, e.g., a chemical mechanical planariza-
tion (CMP) operation or an etch operation, prevents real
time stable and reproducible readings to trigger an event,
such as an endpoint or initiation of another operation. It
should be appreciated that while Figure 2 illustrates an
infrared signal related to temperature, other signals, e.g.
eddy current sensors, vibration, optical refraction, etc.,
will exhibit similar properties. Thatis, the smoothed slope
willindicate a transition point. However, as stated above,
the background noise prevents a stable an accurate real
time reading from the slope reading. As will be explained
in more detail below, the conversion of the slope meas-
urement to a threshold measurement removes the un-
certainties associated with the noise levels that impact
the small differences being analyzed for the derivative
measurements associated with a slope measurement.
Thus, a for more precise detection of a transition point in
real time is enabled. The small changes in slope that
indicate a transition point are masked by the noise in a
slope measurement, however, the embodiments de-
scribed herein substantially eliminate the noise from im-
pacting the determination of the transition point.

[0030] Figure 3is an exemplary graph of a signal trace
over time, where the period of time includes a transition
point. Here, signal 110 is plotted over time. In one em-
bodiment, signal 110 originates from an eddy current
sensor configured to detect a process parameter indicat-
ing a transition point during a semiconductor operation.
It should be appreciated that other signals for detecting
transition points during semiconductor operations can be
included here, such as infrared, vibration, optical-based
signals, etc. As can be seen, signal 110 has a significant
amount of noise associated with the signal, however, a
trend over time indicates a transition point at time 100.
One skilled in the art will appreciate that a slope based
determination would yield unstable results here, due to
the background noise.

[0031] Figure 4 is an exemplary graph of the signal of
Figure 3 which has been smoothed to eliminate noise.
Here, line 110a has had a regular sinusoidal noise filter
applied in order to smooth the signal. Where signal 110a
represents the values of an eddy current sensor over
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time, a transition point is shown by a change in slope at
approximately time 100. As mentioned above, the
smoothed slope is not able to be produced in a stable
and precise mannerinrealtime. Therefore, a slope based
determination is not a viable alternative here.

[0032] Figure 5 is an exemplary graph of a predicted
signal generated from the points of the actual signal of
Figure 3 in accordance with one embodiment of the in-
vention. Here, an approximation equation for a selected
interval of data flow points is used to predict the most
recent data reading in one embodiment of the invention.
As will be explained in more detail with reference to Fig-
ures 8A and 8B, the predicted signal is generated by
applying the approximation equation to historical data
points of the actual signal to generate a predicted real-
time data point in accordance with one embodiment of
the invention. As shown in Figure 5, the predicted signal
represented by line 110b begins to deviate from the ac-
tual signal of Figures 3 and 4 at time 100, which repre-
sents a transition point. It should be appreciated that the
approximation equation may be any polynomial equa-
tion. For example, the approximation equation may take
the form of a parabolic equation or any other higher power
equation.

[0033] Figure 6 is an exemplary graph of a deviation
signal generated by calculating the difference between
an actual signal and a corresponding predicted signal at
various time points in accordance with one embodiment
of the invention. Here, line 112 represents the difference
between the predicted signal and the actual signal over
time. Region 114 represents a corridor of noise. That is,
an offset can be applied to the difference between the
actual signal and the predicted signal to define a corridor
of noise in which points outside of the corridor of noise
would be considered valid points for a transition point. In
essence, the corridor of noise defines a boundary around
the difference between the actual value and the predicted
value. In one embodiment, the offset is chosen as 3 times
the value of the standard deviation, i.e., 3o. Thus, where
the noise distribution is configured as a Gaussian distri-
bution, then 3¢ will cover 99.7% of all the points of the
distribution. Therefore, out of 1000 points, a probability
of 3x10-3 exists for one point to be actually outside of the
corridor of noise and to not be the start of a transition
point. Depending on the nature of the process being mon-
itored, this probability can be reduced or increased to
provide an acceptable level of accuracy.

[0034] Figure 7 is an exemplary graph including the
graphs of Figures 4, 5 and 6 superimposed over each
other to illustrate a threshold determination for the tran-
sition point in accordance with one embodiment of the
invention. Here, line 110a from Figure 4 line 110b from
Figure 5 and line 112 are superimposed over each other.
In addition, the corridor of noise 114 is also illustrated. It
should be appreciated that line 112, which represents
the deviation signal, i.e., the difference between the ac-
tual signal and the predicted signal, begins to exceed the
corridor of noise at the transition point of time 100. As
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will be explained in further detail below, the 36 corridor
(of noise) can be adjusted in order to give a higher or
lower confidence level that a transition point is being de-
tected. For example, processing requiring high degrees
of accuracy and precision may use a wider corridor of
noise than processes requiring a less degree of accuracy
and precision. In another embodiment, more than one
consecutive point outside the boundaries of the corridor
of noise may be required to trigger acknowledging a tran-
sition point.

[0035] Figure 8A is an exemplary graph illustrating a
trace of an actual signal and a predicted signal in accord-
ance with one embodiment of the invention. Line 120
represents a plot of a process parameter reading over
time. It should be appreciated that the process parameter
a process parameter associated with a film thickness in
one embodiment. Region 121 of the graph represents
the pre-transition region, while region 123 of the graph
represents the post transition region. Thus, line 120 rep-
resents two continuous processes, e.g., a pre-transition
region process and a post-transition region process, and
in between the two processes is an interrupt in the form
of a transition point. The transition point here indicates a
change from one state to another state. While the em-
bodiments described herein refer to semiconductor proc-
esses, it should be appreciated that the methodology
may be applied to any system where a transition is oc-
curring and a slope detection process may capture the
transition from one state to another state.

[0036] Still referring to Figure 8A, a previous section
or interval of data, for example section n of region 121,
is used to predict the value at a later time point. In one
embodiment, a polynomial equation, such as a parabolic
equation is used to derive the predicted value corre-
sponding to a most recent data reading. Here, a section
of data, also referred to as a data interval, is taken and
a data value projected forward by a distance m is calcu-
lated. One skilled in the art will appreciate that in one
embodiment the parabolic (or higher power) approxima-
tion used to project the data value is of the form:

Y=a,th+a,t"-'+...+a, where Y represents the predict-
ed value (y

coordinate value) and t represents the time (x coor-
dinate value).

Of course, it is assumed here that the previous data rep-
resents the dynamics of the respective region the data
is associated with.

[0037] Thus,the actual signal measured by a detecting
device, i.e., sensor, may be compared with the predicted
signal which is calculated from an approximation equa-
tion. The actual signal and the predicted signal are sub-
stantially equal as long as no transition occurs and the
projection (extrapolation) distance is not too large. That
is, the difference between the value of the actual signal
and the value of the predicted signal (represented as Si-
Y where Si is the actual signal and Y is the predicted
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signal) is close to 0 within the noise level. However, once
the transition occurs the difference between the actual
signal and the predicted value starts to be increasingly
greaterthan 0, Si-Y >0, as represented by A 122 of Figure
8A. Accordingly, a threshold value may now be used to
detect where the actual signal and the predicted value
deviate. As will be explained further, the conversion of
the slope detection process to a threshold detection proc-
ess enhances (amplifies) the transition related changes
so that the transition can be more accurately and pre-
cisely identified.

[0038] Figure 8B is a graph of the original signal value
and a corresponding graph of a deviation between the
actual signal and a predicted signal in accordance with
one embodiment of the invention. The upper graph of
Figure 8B represents the actual signal of Figure 8A. For
example, with respect to semiconductor process moni-
toring, line 120 may represent a trace associated with a
signal from an infrared sensor, an eddy current sensor,
a vibration sensor, a temperature sensor, a sensor con-
figured to detect reflected spectra, etc. A transition oc-
curring at time t; is detected through deviation trace 128,
also referred to as a delta trace. Regions 124 and 126
represent regions where the predicted value deviates
from the actual signal as positive and negative differenc-
es, respectively, from the actual signal.

[0039] Delta trace 128 of figure 8B represents the dif-
ference between the actual signal and the predicted sig-
nal over time. Region 114 represents a corridor of noise.
It should be appreciated that deltatrace 128 and the trace
120 of the actual signal are likely to have background
noise associated with each trace. Accordingly, trace 120
is likely to be similar to the trace of Figure 3 and delta
trace 128 is likely to be similar to the trace of Figure 6.
That is, the traces are likely to have noise associated
with each trace rather than be smooth lines. Therefore,
the corridor of noise is configured to take into account
the noise level so that the noise level does not impact
the determination of the transition point. Atthe same time,
the magnitude, also referred to as the offset of the corridor
of noise is chosen so that the transition occurs above the
noise level, i.e., the corridor of noise is not so large as to
mask the transition point.

[0040] In one embodiment, the offset of the corridor of
noise is set at 3 standard deviations (3c) of delta trace
128. Thus, where the noise is a Gaussian distribution,
then 3o will cover 99.7% of all the points of the distribu-
tion. As described above, a probability of 3x10-3 exists
for a point to fall outside of the corridor of noise and not
be the start of a transition point, meaning that 3 out of
each 1000 points could be actually outside of the defined
3o interval. As will be explained further, with reference
to Figure 9, a number of consecutive points outside of
the corridor of noise may be required to indicate the start
of a transition point to further reduce the probability of a
false positive. In one embodiment, the offset may not be
necessary if a reasonably high number of consecutive
points outside the corridor of noise is used or larger than
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36 noise corridor is used. It should be appreciated that
any number of consecutive points outside the corridor of
noise may be defined as the trigger for a transition point.
The higher the number of consecutive points required to
indicate that a transition point has been reached, the
more confidence that the actual transition point has been
obtained. Thus, for precise operations where it a false
positive would be costly and cause irrecoverable dam-
age, three or more consecutive points outside the corri-
dor of noise may be chosen to provide a high degree of
confidence. Where the operation is not as demanding it
may desirable to choose less than three points.

[0041] Figure 8C is a graph illustrating the actual trace
and the delta trace of Figures 8A and 8B superimposed
with the predicted value trace, all of which are used for
the conversion of a slope based task to a threshold based
taskin accordance with one embodiment of the invention.
Trace 120 represents the actual sensor reading. Trace
136 represents the parabolically extrapolated predicted
value. Trace 128 represents the delta trace which is the
difference between the actual sensor reading and the
corresponding predicted value. The parabolically extrap-
olated predicted value includes a parabolic approxima-
tion associated with a selected interval of data points and
a parabolic forecast to a most recent data reading. Delta
trace 128 is calculated by subtracting the parabolically
extrapolated predicted value for the current point and a
number of foregoing consecutive points. Thus, a thresh-
old may be defined when the delta trace is stably above
the noise level. For example, defining a number of con-
secutive points outside the noise level prior to acknowl-
edging that a transition point has occurred will provide a
high confidence level that the transition point determina-
tion is accurate. One skilled in the art will appreciate that
a transition point includes an endpoint as used herein.
While a parabolic equation is used as the approximation
equation in this embodiment, it should be appreciated
that any polynomial equation may be used as the approx-
imation equation as the shape of the curve defined by
the actual sensor reading will impact the type of approx-
imation equation.

[0042] Referring to Figure 3 and Figure 6, it can be
seen that threshold determination of the delta trace ap-
proach of Figure 6 is superior than the slope based ap-
proach of Figure 3. That is, the noise in the slope based
determination hides small changes in slope while the
noise in the threshold based determination is eliminated
as a concern by defining an offset or by requiring a
number of consecutive points outside the corridor of
noise prior to initiating the recognition of a transition point.
Once a transition point has been achieved, it should be
appreciated that another defined operation may initiate
or an endpoint for a current process may occur. With
respect to semiconductor manufacturing, e.g., etch, dep-
osition, CMP operations or any other surface modification
process, a first layer may have been added, removed,
planarized or modified, and then the semiconductor wa-
fer may be transitioned to another module in the process-
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ing tool or a different processing tool.

[0043] Figure9is aflowchart of the method operations
for a method for converting a slope based detection task
to a threshold based detection task in accordance with
one embodiment of the invention. The method initiates
with operation 140 where an approximation equation is
defined for a set of points. The approximation equation
for a set of points corresponds to values of a process
being monitored. For example, a polynomial equation,
such as a parabolic equation, as discussed above, may
be the approximation equation. The process being mon-
itored may be monitored through eddy current sensors,
infrared sensors, temperature sensors, vibration sen-
sors, etc. The method then advances to operation 142
where an expected value at a current point of the process
being monitored is predicted. Here, the polynomial equa-
tion takes a data interval of a number of consecutive
points and predicts an expected value for the current
point. In essence, the polynomial equation allows for fore-
casting the current point from past data points as de-
scribed with reference to Figure 8A.

[0044] The method of Figure 9, then proceeds to op-
eration 144 where a difference between the measured
(actual) value at the current point of the process and the
corresponding expected value is calculated. Here, the
difference between the measured value and the expect-
ed (predicted) value will be approximately 0 until a tran-
sition point. It should be appreciated that the difference
can be measured in terms of subtraction between two
values, but is not limited to this interpretation of differ-
ence. The difference may be captured as a delta trace
as described above with reference to Figures 8A-C.
Thus, the difference between the measured value at the
current point of the process and the corresponding ex-
pected value is monitored to detect a deviation value in
operation 146. The deviation value may be defined as a
number of consecutive points outside a corridor of noise,
where the number of consecutive points may be one or
more. In other embodiments, the difference may also be
calculated as a ratio, a square of differences, etc. That
is, the term difference as used herein refers to a broad
range of measures that indicate a generalized difference
between two values. Alternatively, an offset may be used,
where the offset is high enough to avoid background
noise from indicating a transition point and low enough
so that the deviation value indicating the transition point
may be identified, i.e., is not masked by the offset. The
method then advances to operation 148 where a transi-
tion point for the process being monitored is identified
based on the detection of the deviation value. Of course,
the transition point may end the current process opera-
tion and trigger another process operation or simply end
the current process.

[0045] Figure 10 is a high-level schematic diagram of
a processing module in communication with a detector
configured to convert a slope detection transition point
to a threshold detection transition point in accordance
with one embodiment of the invention. Processing mod-
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ule 160 may be any processing module, e.g., any asso-
ciated semiconductor processing module such as a CMP
module, etch module, etc. Detector 162 is in communi-
cation with processing module 160. For example, sen-
sors located within processing module 160 may be used
to transmit signals to detector 162. Detector 162 is con-
figured to convert a process in which slope determines
a transition point to a threshold detection process where
athreshold value is used to detect a transition point. That
is, the embodiments described with reference to Figures
8A, 8B, 8C and 9 convert the slope detection process
into a threshold detection process are performed by de-
tector 162. Furthermore, the changes occurring in the
transition point are enhanced so that the threshold value
can be readily detected. In one embodiment, the thresh-
old value is defined as a difference between an actual
signal and a predicted signal as described herein. It
should be appreciated that detector 162 may be ageneral
purpose computer controlling the processing operation
being performed in processing module 160. Detector 162
may receive signals from sensors configured to monitor
a composition change or a state change as described
below. Of course, the communication between process-
ing module 160 and detector 162 may be through a
closed loop.

[0046] Figure 11 is a simplified schematic diagram of
a CMP system having an infrared sensor to determine a
transition point of a semiconductor substrate being proc-
essed in accordance with one embodiment of the inven-
tion. Controller 164 includes detector 162. Controller 164
is in communication with infrared sensor 166. Infrared
sensor is contained within carrier plate 168. Semicon-
ductor substrate 172 is supported against carrier film 170
within carrier plate 168. Infrared sensor 166 has a line of
view through window 178 to semiconductor substrate
172. Polishing pad 174 planarizes a surface of semicon-
ductor substrate 172. Polishing pad 174 is disposed over
stainless steel belt 176. Detector 162 converts the slope
based signal process associated with the infrared sensor
toathreshold based signal. In one embodiment, the slope
based signal is converted to a threshold based operation
by defining a delta trace between an actual signal and a
predicted signal as described with reference to Figures
8A-C and 9.

[0047] Figure 12 is a simplified schematic diagram of
a processing system having eddy current sensors con-
figured to determine a transition point of a semiconductor
substrate being processed in accordance with one em-
bodiment of the invention. Controller 164 includes detec-
tor 162. Controller 164 is in communication with eddy
current sensors 180a and 180b. Eddy current sensors
180a and 180b may be configured to monitor a process
parameter such as thickness of a film disposed over sem-
iconductor substrate 162. Where the processing system
is a CMP processing system, polishing pad 174 planariz-
es a surface of semiconductor substrate 172. Polishing
pad 174 is disposed over backing 176. Detector 162 con-
verts the slope based detection output of eddy current
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sensors 180a and 180b to a threshold detection process.
Here again, detector 162 tracks a difference between
measured values and predicted values in order to detect
a threshold deviation value that indicates a transition
point.

[0048] Figures 11 and 12 depict specific embodiments
of sensors used for semiconductor fabrication. It should
be appreciated that the embodiments described herein
may be associated with any type of sensor that is capable
of monitoring a composition change or a state change.
Exemplary composition changes include surface com-
position changes where a first layer is removed and a
second layer is exposed or a surface of an object, such
as a semiconductor wafer, is modified. Exemplary state
changes include the change from a liquid to a gas, liquid
to a solid, etc. In fact, a transition point may be defined
as a point at which a composition or a state change oc-
curs. At the transition point, a property, which is moni-
tored through the sensors described herein, changes due
to the processing conditions. Targeted properties include
properties such as thickness, resistance, planarity, trans-
parency, vibration, chemical composition, etc. This
change is monitored and the transition point is deter-
mined by a threshold detection scheme as described
herein. One skilled in the art will appreciate that the em-
bodiments described herein are not limited to the specific
types of sensors described above. More particularly, any
sensor configured to detect a signal indicating a compo-
sition or a state change may be used with the embodi-
ments described above, whether or not the sensors are
associated with a semiconductor fabrication process. It
should be further appreciated that the sensors can detect
the change through the object being processed, e.g.,
semiconductor wafer, or a component of the processing
module, e.g., polishing pad. Thus, the transition point
may be detected directly or indirectly. Some exemplary
sensors include sensors configured to detect resistance,
capacitance, reflected light, vibration, etc.

[0049] Insummary, the above described invention de-
scribes a method and a system for converting a slope
based detection task to a threshold based detection task.
An approximation equation, such as a polynomial equa-
tion, is used to predict an expected value at the current
data point. A difference between the expected value and
the corresponding actual value supplied from a sensor
is monitored to detect a transition point. The monitored
difference may be captured as a delta trace as described
herein. The tracking of the difference allows a threshold
value to be defined. In one embodiment, the transition
point occurs when a pre-defined number of consecutive
points of the monitored difference are detected outside
of a corridor of noise. An offset may also be provided to
define a level where a detected point, i.e., value of a
difference between an actual value and a predicted val-
ue, outside of the offset boundary indicates a transition
point. By converting the slope detection task to a thresh-
old detection task, a stable and reliable transition detec-
tion system is provided that avoids the need to analyze
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derivatives as required by the slope detection tasks. Ad-
ditionally, the delta trace described above enhances the
changes occurring at the transition point in order to more
readily identify the transition point.

[0050] With the above embodiments in mind, it should
be understood that the invention may employ various
computer-implemented operations involving data stored
in computer systems. These operations include opera-
tions requiring physical manipulation of physical quanti-
ties. Usually, though not necessarily, these quantities
take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and oth-
erwise manipulated. Further, the manipulations per-
formed are often referred to in terms, such as producing,
identifying, determining, or comparing.

[0051] The above described invention may be prac-
ticed with other computer system configurations includ-
ing hand-held devices, microprocessor systems, micro-
processor-based or programmable consumer electron-
ics, minicomputers, mainframe computers and the like.
The invention may also be practiced in distributing com-
puting environments where tasks are performed by re-
mote processing devices that are linked through a com-
munications network.

[0052] The invention can also be embodied as com-
puter readable code on a computer readable medium.
The computer readable medium is any data storage de-
vice that can store data which can be thereafter read by
a computer system. Examples of the computer readable
medium include hard drives, network attached storage
(NAS), read-only memory, random-access memory, CD-
ROMSs, CD-Rs, CD-RWs, magnetic tapes, and other op-
tical and non-optical data storage devices. The computer
readable medium can also be distributed over a network
coupled computer system so that the computer readable
code is stored and executed in a distributed fashion.
[0053] Although the foregoing invention has been de-
scribed in some detail for purposes of clarity of under-
standing, it will be apparent that certain changes and
modifications may be practiced within the scope of the
appended claims. Accordingly, the presentembodiments
are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given
herein, but may be modified within the scope and equiv-
alents of the appended claims. In the claims, elements
and/or steps do not imply any particular order of opera-
tion, unless explicitly stated in the claims.

Claims

1. A computer implemented method for detecting a
transition point (f7) of a semiconductor process, com-
prising:

« defining an approximation equation for a set of
points corresponding to values of said semicon-
ductor process being monitored, wherein the ap-
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proximation equation is determined in order to
fit to the curve represented by measured values,
wherein the approximation equation is a poly-
nomial equation, wherein the approximation
equation takes the form of a parabolic equation
or any other higher power equation (140);

» predicting an expected value (Y) at a current
point of the process being monitored, whereby
the expected value is calculated from the ap-
proximation equation (142);

+ calculating a difference (A 122) between a
measured value at the current point of the proc-
ess being monitored and the corresponding ex-
pected value (144);

» monitoring the difference to detect a deviation
value between the measured value and the ex-
pected value (146); and

« identifying said transition point for the semi-
conductor process being monitored based on
the detection of the deviation value (148).

The method of claim 1, wherein the semiconductor
process being monitored is a semiconductor process
selected from the group consisting of a chemical me-
chanical planarization process and an etch, deposi-
tion or surface modification process.

The method of claim 1, wherein the measured value
is generated by a sensor configured to detect a prop-
erty associated with the process being monitored.

The method of claim 1 further comprising: tracing
the difference between the measured value and the
corresponding expected value; and defining a corri-
dor of noise (114), so that the corridor of noise (114)
is providing a boundary, so that said transition is
identified when the deviation value falls outside of
the boundary.

The method of claim 1, wherein the method opera-
tion of identifying a transition point for the process
being monitored based on the detection of the devi-
ation value includes, identifying more than one con-
secutive points in which the deviation value associ-
ated with each of the at least two consecutive points
is outside a corridor of noise.

The method of claim 1, wherein the approximation
equation derives the expected value from an interval
of past data generated by a sensor associated with
the process being monitored.

The method of claim 1, further comprising: in re-
sponse to identifying the transition point, triggering
an end of the processing being monitored.

A semiconductor processing system capable of de-
tecting a transition point for slope change transitions
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10.

11.

12.

through a threshold determination in real time, com-
prising:

« a processing module configured to process a
semiconductor wafer until a defined parameter
associated with the semiconductor wafer being
processed is obtained, the processing module
including;

* a sensor configured to monitor a process pa-
rameter associated with a process operation;
characterised in that said semiconductor
processing system further comprises

« a detector in communication with the sensor,
o the detector configured to compare measured
values to predicted values, the measured values
indicating said transition point through a slope
change, the predicted values being derived from
previously measured values, whereby the pre-
dicted value is calculated from an approximation
equation, wherein the approximation equation
is determined in order to fit to the curve repre-
sented by measured values, wherein the ap-
proximation equation is a polynomial equation,
wherein the approximation equation takes the
form of a parabolic equation or any other higher
power equation;

o the detector further configured to track a dif-
ference between the measured values and the
corresponding predicted values, configured to
define a threshold value indicating the transition
point associated with the process operation, and
to identify said transition point when said differ-
ence exceeds the threshold value.

The system of claim 8, wherein the detector is con-
figured to identify said transition associated with the
processing system when a difference between the
measured values and the predicted values for at
least two consecutive time points exceeds said
threshold value.

The system of claim 8, wherein the processing mod-
ule is selected from the group consisting of a chem-
ical mechanical planarization module and an etch
module.

The system of claim 8, wherein the sensor is sensi-
tive to variation of the process parameter, the proc-
ess parameter varying as one of a composition and
a state changes, the composition and the state
changes associated with one of the semiconductor
wafer and a component of the processing module.

The system of claim 8, wherein the sensor s selected
from the group consisting of an eddy current sensor,
an infrared sensor, a vibration sensor and a sensor
configured to detect reflected spectra.
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The system of claim 8, wherein the detector is con-
figured to associate an offset configured to substan-
tially eliminate background noise from interfering
with the threshold determination.

A computer readable medium comprising program
instructions for detecting a transition point of a sem-
iconductor process, wherein said program instruc-
tions are adapted to perform all the steps of any one
of the claims 1 to 7, when they are executed on a
computer.

The computer readable media of claim 14, further
comprising: program instructions for tracing the dif-
ference between the measured value and the corre-
sponding expected value; and program instructions
for defining a corridor of noise, so that the corridor
of noise is providing a boundary, so that said transi-
tion is identified when the deviation value falls out-
side of the boundary.

Patentanspriiche

1.

Computer-implementiertes Verfahren zur Feststel-
lung eines Ubergangspunktes (t7) eines Halbleiter-
prozesses, Folgendes umfassend:

- Definieren einer Naherungsgleichung fir eine
Gruppe von Punkten in Entsprechung zu Wer-
ten des Uberwachten Halbleiterprozesses, wo-
bei die Naherungsgleichung so bestimmt wird,
dass sie zu der von den Messwerten reprasen-
tierten Kurve passt, wobei die Naherungsglei-
chung eine Polynomialgleichung ist und die N&-
herungsgleichung die Form einer Parabolglei-
chung oder einer anderen Gleichung (140) h6-
herer Potenz annimmt;

- Voraussagen eines erwarteten Werts (Y) an
einem aktuellen Punkt des lUberwachten Pro-
zesses, wobei der erwartete Wert aus der Na-
herungsgleichung (142) berechnet wird;

- Berechnen einer Differenz (A 122) zwischen
einem Messwert am aktuellen Punkt des Uber-
wachten Prozesses und dem entsprechenden
erwarteten Wert (144);

- Uberwachen der Differenz zum Feststellen ei-
nes Abweichungswerts zwischen dem Mess-
wert und dem erwarteten Wert (146); und

- Identifizieren des Ubergangspunkts fiir den
Uberwachten Halbleiterprozess auf Basis der
Feststellung des Abweichungswerts (148).

Verfahren gemaf Anspruch 1, wobei der Uberwach-
te Halbleiterprozess ein Halbleiterprozess ist, der
aus der Gruppe bestehend aus einem chemisch-me-
chanischen Planarisierungsprozess und einem Atz-,
Abscheidungs- oder Oberflachenbearbeitungspro-
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zess ausgewahlt ist.

Verfahren gemal Anspruch 1, wobei der Messwert
durch einen Sensor generiert wird, der dazu konfi-
guriert ist, eine Eigenschaft in Verbindung mit dem
Uberwachten Prozess festzustellen.

Verfahren gemafl Anspruch 1, ferner umfassend:
Feststellen der Differenz zwischen dem Messwert
und dem entsprechenden erwarteten Wert, und De-
finieren eines Rauschbereichs (114), so dass der
Rauschbereich (114) eine Grenze bereitstellt, an-
hand derer der Ubergang identifiziert wird, wenn der
Abweichungswert auf3erhalb der Grenze fallt.

Verfahren gemaf Anspruch 1, wobei der Verfah-
rensvorgang der Identifizierung eines Ubergangs-
punktes fur den Uberwachten Prozess auf Basis der
Detektion des Abweichungswerts die Identifizierung
von mehr als einem Folgepunkt umfasst, in dem der
Abweichungswert in Verbindung mit jedem der we-
nigstens zwei Folgepunkte auferhalb des Rausch-
bereichs liegt.

Verfahren gemaR Anspruch 1, wobei die Nahe-
rungsgleichung den erwarteten Wert von einem In-
tervall friiherer Daten ableitet, das von einem Sensor
in Verbindung mit dem lUberwachten Prozess gene-
riert wird.

Verfahren gemaR Anspruch 1, ferner umfassend: in
Reaktion auf die Identifizierung des Ubergangs-
punkts das Ausldsen eines Endes der Gberwachten
Bearbeitung

Halbleiterbearbeitungssystem, das geeignet ist, ei-
nen Ubergangspunkt fiir Ubergénge, die durch An-
derung der Steigung gekennzeichnet sind, durch
eine Schwellwertbestimmung in Echtzeit festzustel-
len, folgendes umfassend:

- ein Bearbeitungsmodul, das so konfiguriert ist,
dass es einen Halbleiter-Wafer bearbeitet, bis
ein definierter Parameter in Verbindung mitdem
bearbeiteten Halbleiter-Wafer erreichtist, wobei
das Bearbeitungsmodul umfasst;

- einen Sensor, der dazu konfiguriert ist, einen
Prozessparameter in Verbindung mit einem
Prozessvorgang zu Uberwachen;

dadurch gekennzeichnet, dass das Halblei-
terbearbeitungssystem ferner umfasst:

- einen Detektor in Kommunikation mitdem Sen-
sor,

- wobei der Detektor dazu konfiguriert ist, Mess-
werte mit vorhergesagten Werten zu verglei-
chen, wobei die Messwerte den Ubergangs-
punkt durch eine Anderung der Steigung anzei-
gen, wobei die vorhergesagten Werte von zuvor
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gemessenen Werten abgeleitet sind, wobei der
vorhergesagte Wert aus einer Naherungsglei-
chung berechnet wird, wobei die Naherungs-
gleichung so bestimmt ist, dass sie zu der von
den Messwerten reprasentierten Kurve passt,
wobei die Naherungsgleichung eine Polynomi-
algleichung ist, wobei die Naherungsgleichung
die Form einer Parabolgleichung oder einer an-
deren héheren Gleichung annimmt;

- wobei der Detektor ferner dazu konfiguriert ist,
eine Differenz zwischen den Messwerten und
den entsprechenden vorhergesagten Werten
festzustellen, und dazu konfiguriert ist, einen
Schwellwert zu definieren, der den Ubergangs-
punkt in Verbindung mit dem Prozessvorgang
anzeigt, und den Ubergangspunkt zu identifizie-
ren, wenn die Differenz den Schwellwert (iber-
schreitet.

System gemaf Anspruch 8, wobei der Detektor dazu
konfiguriertist, den Ubergang in Verbindung mitdem
Bearbeitungssystem zuidentifizieren, wenn eine Dif-
ferenz zwischen den Messwerten und den vorher-
gesagten Werten flr wenigstens zwei aufeinander-
folgende Zeitpunkte den Schwellwert liberschreitet.

System gemaR Anspruch 8, wobei das Bearbei-
tungsmodul aus der Gruppe bestehend aus einem
chemisch-mechanischen Planarisierungsmodul
und einem Atzmodul ausgewahlt ist.

System gemaR Anspruch 8, wobei der Sensor emp-
findlich auf die Variation des Prozessparameters ist,
wobei der Prozessparameter variiert, wenn sich eine
Zusammensetzung oder ein Zustand andern, wobei
die Zusammensetzungs- und Zustandsdnderungen
mit dem Halbleiter-Wafer oder einer Komponente
des Bearbeitungsmoduls assoziiert sind.

System gemaf Anspruch 8, wobei der Sensor aus-
gewahlt ist aus der Gruppe bestehend aus einem
Wirbelstromsensor, einem Infrarotsensor, einem Vi-
brationssensor und einem Sensor, der dazu konfi-
guriert ist, reflektierte Spektren festzustellen.

System gemaf Anspruch 8, wobei der Detektor kon-
figuriert ist, um einen Versatz zu assoziieren, der
konfiguriert ist, um Hintergrundrauschen, das die
Schwellwertbestimmung stért, im wesentlichen zu
eliminieren.

Computer-lesbares Medium, das Programmbefehle
zur Feststellung eines Ubergangspunktes eines
Halbleiterprozesses umfasst, wobei die Programm-
befehle dazu geeignet sind, alle Schritte aus einem
der Anspriiche 1 bis 7 auszufiihren, wenn diese auf
einem Computer ausgefliihrt werden.
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15. Computer-lesbares Medium gemaR Anspruch 14,

ferner umfassend:

Programmbefehle zur Feststellung der Diffe-
renz zwischen dem Messwert und dem entspre-
chenden erwarteten Wert; und Programmbe-
fehle zum Definieren eines Rauschbereichs, so
dass der Rauschbereich eine Grenze bereit-
stellt, so dass der Ubergang identifiziert wird,
wenn der Abweichungswert auerhalb der
Grenze fallt.

Revendications

Une méthode mise en place par ordinateur pour dé-
tecter un point de transition (It) d’'un processus semi-
conducteur, comprenant :

* la définition d’une équation d’approximation
pour un ensemble de points correspondant a
des valeurs dudit processus semi-conducteur
étant contr6lé, ol I'équation d’approximation est
déterminée afin de s’adapter a la courbe repré-
sentée par des valeurs mesurées, ou I'équation
d’approximation est une équation polynomiale,
ou l'équation d’approximation prend la forme
d’une équation parabolique ou toute autre équa-
tion de puissance supérieure (140) ;

* la prédiction d’'une valeur probable (Y) a un
point actuel du processus étant contrélé, par le-
quel la valeur probable est calculée a partir de
I'équation d’approximation (142) ;

* le calcul d’'une différence (A 122) entre une
valeur mesurée au point actuel du processus
étant contrélé et la valeur probable correspon-
dante (144) ;

« le contréle de la différence pour détecter une
valeur d’écart entre la valeur mesurée et la va-
leur probable (146) ; et

« 'identification dudit point de transition pour le
processus semi-conducteur étant contrélé, ba-
sée sur la détection de la valeur d’écart (148).

La méthode de la revendication 1, ou le processus
semi-conducteur étant contrélé est un processus
semi-conducteur sélectionné a partir du groupe se
composant d’'un processus de planarisation méca-
nique et chimique et d’un processus d’attaque chi-
mique, de modification de surface ou de dépét.

La méthode de la revendication 1, ou la valeur me-
surée est générée par un capteur configuré pour dé-
tecter une propriété associée au processus étant
controlé.

La méthode de la revendication 1 comprenant de
plus : le suivide la différence entre la valeur mesurée



21 EP 1 570 363 B1

etla valeur probable correspondante ; et la définition
d’un corridor de bruit (114), de sorte que ce corridor
de bruit (114) fournisse une limite, pour que ladite
transition soitidentifiée lorsque la valeur d’écart tom-
be en dehors de la limite.

La méthode de la revendication 1, ou le fonctionne-
ment de la méthode d’identification d’'un point de
transition pour le processus étant contrdlé basée sur
la détection de la valeur d’écart inclut I'identification
de plus d’un point consécutif dans lequel la valeur
d’écart associée a au moins chacun des deux points
consécutifs est en dehors d’un corridor de bruit.

Laméthode de larevendication 1, ouI’équation d’ap-
proximation fait dériver la valeur probable d'un inter-
valle de données passées générées par un capteur
associé au processus étant controlé.

La méthode de la revendication 1, comprenant de
plus : en réponse a l'identification du point de tran-
sition, le déclenchement de la fin du traitement étant
controlé.

Un systeme de traitement semi-conducteur capable
de détecter un point de transition pour des transitions
de changement de pente au travers d’'une détermi-
nation de seuil en temps réel, comprenant :

« un module de traitement configuré pour traiter
une tranche de semi-conducteur jusqu'a ce
qu’un certain parametre associé a la tranche de
semi-conducteur étant traitée soit obtenu, le mo-
dule de traitement incluant ;

« un capteur configuré pour contréler un para-
meétre de processus associé a un fonctionne-
ment de

processus ;

caractérisé en ce que ledit systeme de traite-
ment de semi-conducteur comprenne égale-
ment

* un détecteur en communication avec le cap-
teur,

o le détecteur est configuré pour comparer des
valeurs mesurées aux valeurs probables, les va-
leurs mesurées indiquantledit point de transition
au travers d’'un changement de pente, les va-
leurs probables étant dérivées des valeurs me-
surées précédemment, par lequel la valeur pro-
bable est calculée a partir d’'une équation d’ap-
proximation, ou I'équation d’approximation est
déterminée afin de s’adapter a la courbe repré-
sentée par des valeurs mesurées, ou I'équation
d’approximation est une équation polynomiale,
ou I'équation d’approximation prend la forme
d’'une équation parabolique ou toute autre équa-
tion de puissance supérieure ;

o le détecteur est de plus configuré pour suivre
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une différence entre les valeurs mesurées et les
valeurs probables correspondantes, configuré
pour définir une valeur seuil indiquant le point
de transition associé au fonctionnement du pro-
cessus, et pour identifier ledit point de transition
lorsque ladite différence dépasse la valeur seuil.

Le systeme de la revendication 8, ou le détecteur
est configuré pour identifier ladite transition associée
au systeme de traitement lorsqu’une différence entre
les valeurs mesurées et les valeurs probables pour
aux moins deux points de temps consécutifs dépas-
se ladite valeur seuil.

Le systéme de la revendication 8, ou le module de
traitement est sélectionné a partir du groupe se com-
posant d’'un module de planarisation mécanique et
chimique et d’'un module d’attaque chimique.

Le systeme de la revendication 8, ou le capteur est
sensible a la variation du parameétre de processus,
le parameétre de processus variant comme 'un des
changements de composition et d’état, les change-
ments de composition et d’état associés a 'une des
tranches de semi-conducteur et un composant du
module de traitement.

Le systeme de la revendication 8, ou le capteur est
sélectionné a partir du groupe se composant d’'un
capteur de courant de Foucault, un capteur infrarou-
ge, un capteur de vibration et un capteur configuré
pour détecter des spectres reflétés.

Le systeme de la revendication 8, ou le détecteur
est configuré pour associer un décalage configuré
pour éliminer substantiellement le bruit de fond et
'empécher d'interférer avec la détermination du
seuil.

Un moyen lisible par ordinateur comprenant des ins-
tructions de programme pour détecter un point de
transition d’'un processus de semi-conducteur, ou
lesdites instructions de programme sont adaptées
pour réaliser toutes les étapes de n’importe quelle
revendication 1 a 7, lorsqu’elles sont exécutées sur
un ordinateur.

Les moyens lisibles par ordinateur de la revendica-
tion 14, comprenantde plus : desinstructions de pro-
gramme pour suivre la différence entre la valeur me-
surée et la valeur probable correspondante ; et des
instructions de programme pour définir un corridor
de bruit, de sorte que le corridor de bruit fournisse
une limite, pour que ladite transition soit identifiée
lorsque la valeur de déviation tombe en dehors de
la limite.



EP 1 570 363 B1

18000 .
- Tod 132
16000 i 1.28
140001, 1.24
os ) 2
a0 12000 — _ 12 §
§ 10000 Wa I 116 F
§ 8000 112 8
. . (¥
g 6000 R - 108 &
é 4000 v 1.04 2
) . =
2000 : X 1 A&
OI T T T T T g 0.96
b 50 100 150 200 2501300 350 400)
.2000 - 0.92
Time (sec)
Fig. 1
8000 1.32
| 106
_ 6000 ﬁ*«_ Qe —1.28
os/ o3 \ i e\
p &
Ig 40001 A 124 5
g O 108 2
2 ~ :
2 2000 Y 12 g
£ : e
g W 3
0 T L T T T T 1.16 Q
200210 20 230 240 250 ] 290 300
] 1.12
2000 Time (sec)

Fig. 2

13



EP 1 570 363 B1

fe s ma

g

L L L T P T

80 100 120 140 160 180 200

40 60

E
20

N e T

10}-
%

Time

3

Fig.

14



EP 1 570 363 B1

=
_ ' _ | ' Q
v 13 [} ’ 1]
t 1] L] 1] .
: : : 1 ' 000
S SRS SR HRN I,
: ' 1 : . e
[) + 1] 1 »
: : " “ .
‘ ' ' H (=
o neneee b demmnes foommeoee fmermmees femnnne s S
] 1 ! ' . e
L4 t ] 1 4
[) ) ] ] ]
‘ ) ; J =
......... e R T e n Tt & AT
H 1 H . . A
. + [) . *
h . H . y )
L oeeeanns U SO | SR ST s x
' ' H ‘ H =
L] L} L] L] i)
* ) * . »
: . ' 4
.......... [N RPN SN SR SRR 1 §-—
‘ i . H -
.
L}
3
[ eeaeas < S
¢ [+2]
R NUUUUUUS SU <
R o
[=)
A
[—)
o
[}

Time

Fig.

4

15



EP 1 570 363 B1

2R

T R kL R P T T L R R

IIIIIII

lllllll

nnnnnnn

-------

-------

sascssdonsansdecaccnccbhoanemabonaneadd

nnnnnnnn

........

-----------------

T N S Y

lllllll

lllllllllllllll

:::::::

ccccccc

llllllllllllllll

reeessegacnrens

cemmcmqeev\=ee

- e ol

ssmanEmesehvansevh s on vy

PREpR e LY

weceectonnce v
.

ceveoodanssa

0
'
4
1
t
)
'
'
T
v
|
1
3
+
]
+
]
'
'
'
1
4
Ny
s
>
\
)
]
]
‘
‘
1

20

100 120 140 160 180 200

Time

60 80
Fig.

40

40 -

3
2

30 |-
20 |---novi--
10
0

5

16



EP 1 570 363 B1

60 80 100 120 140 160 180 200

40

20

0

Time

Fig.

6

ALI], poULIOjsuel],
~ \9 U on o

..nrlk.l._w...,tl..

‘,-Jr{
[
-

\<10a

g
=
| 40
530

100 120 140 160 180 200

Time (sec)
Fig.

80

60

7

17



Signal

EP 1 570 363 B1

2.4 T
I post transition
: lg_i “‘|'lllllll""
\J
2.2 —— “.*‘
pre transition | S
&
| &
121 i ‘ :'\120
2.0 I .:
| &
. I ’0
‘Q
1.8 R e el T T
Tl %#uz
o - 411> : ¥
|

1.6
120

140 160 | 1180 200 220
t i Time

Fig. 8A

18

240



Signal

Signal

24

EP 1 570 363 B1

“‘Illll\:lll'“'
%2 126 = 120
I’:
2.0 * 3
| &
0} “““"'llnnLu"”’ ¢:;k—124
1.8 ““‘=t I .....
n““ |
|
.6 L] T l L) ) ]
120 140 160 : 180 200 220 240

2.4

2.2 =%
__________ - S
H % 114
2.0 lnlullluluunlunln,"f ’v““'o" i"a-u
—————————— s e
| 5 8
%, &~--128
18 } taxs®
|
~t,
1.6 1 1 I ) 1 ]
120 140 160 180 200 220 240
Time

Fig. 8B

19



EP 1 570 363 B1

2.4

g
‘s“\ l""'
PP LLLLL T UL
IO\ M

4 SR\
2.2 - 3
S
128-~\_: % -
[ - g
: 2 7
I Y
20 & 4 “% 00""
. '1.‘ -t ) g
§ %
.-
&
. | SE0%
\| -~ *
) * &
““‘unu.-u.,, R .5‘—‘136 o" ':
1.8 ““‘: I AT M g
C\ ]
vt

lr\ ~Threshold
|

1.6
120

140

180
Time

Fig. 8C

160

20

200

220 240



EP 1 570 363 B1

Define an approximation equation for a set of points
corresponding to values of a process being monitored

—140

Predict an expected value at a current point
of the process being monitored

—142

v

Calculate a difference between a measured value at the current point
of the process being monitored and the corresponding expected value

—144

y

Monitor the difference to detect a deviation value
between the measured value and the expected value

—146

v

Identify a transition point for the processs being monitored
based on the detection of the deviation value

—148

(_pone )
Fig. 9

21



EP 1 570 363 B1

160~
162~
Processing Module Detector
1
closed loop J
Fig. 10

22



178

EP 1 570 363 B1

—H-162
Controller|-164

166 168

7

)
170

172

1174

~176

23



EP 1 570 363 B1

Ch

Controller

162

164

r—

24



EP 1 570 363 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» US 5621668 A [0002]

25



	bibliography
	description
	claims
	drawings

